Inconsistent and Lexicographic Choices in Stated preference Analysis by Rouwendal, J. & de Blaeij, A.T.
VU Research Portal
Inconsistent and Lexicographic Choices in Stated preference Analysis
Rouwendal, J.; de Blaeij, A.T.
2004
document version
Early version, also known as pre-print
Link to publication in VU Research Portal
citation for published version (APA)
Rouwendal, J., & de Blaeij, A. T. (2004). Inconsistent and Lexicographic Choices in Stated preference Analysis.
(TI Discussion Paper; No. TI 2004-038/3). Tinbergen Instituut (TI).
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
E-mail address:
vuresearchportal.ub@vu.nl
Download date: 21. May. 2021
TI 2004-038/3 
Tinbergen Institute Discussion Paper 
   
Inconsistent and Lexicographic 
Choices in Stated Preference  
Analysis  
 Jan Rouwendal* 
Arianne T. de Blaeij 
 
Department of Economics, Vrije Universiteit Amsterdam. 
 




The Tinbergen Institute is the institute for 
economic research of the Erasmus Universiteit 
Rotterdam, Universiteit van Amsterdam, and Vrije 
Universiteit Amsterdam. 
 
Tinbergen Institute Amsterdam 
Roetersstraat 31 
1018 WB Amsterdam 
The Netherlands 
Tel.: +31(0)20 551 3500 
Fax: +31(0)20 551 3555 
 
Tinbergen Institute Rotterdam 
Burg. Oudlaan 50 
3062 PA Rotterdam 
The Netherlands 
Tel.: +31(0)10 408 8900 
Fax: +31(0)10 408 9031 
 
 
Please send questions and/or remarks of non-
scientific nature to driessen@tinbergen.nl. 

















,QWHUSUHWDWLRQRI63GDWD'HWHUPLQLVWLFFKRLFHPHFKDQLVP7KHEDVLFK\SRWKHVLVLVWKDWFKRLFHVPDGHE\UHVSRQGHQWVUHIOHFWDSUHIHUHQFHRUGHULQJRYHUDOODOWHUQDWLYHV:HDVVXPHWKDWDUHVSRQGHQWKDVSUHIHUHQFHVRYHUDOOFKRLFHDOWHUQDWLYHVWKDWFDQEHGHVFULEHGE\PHDQVRIDXWLOLW\IXQFWLRQXZLWKWKHDWWULEXWHV[RIWKHDOWHUQDWLYHVDVLWVDUJXPHQWV7KHSUHIHUHQFHVPD\EHGHSHQGHQWRQWKHUHVSRQGHQW¶VREVHUYHGDQGXQREVHUYHGFKDUDFWHULVWLFV]$OWHUQDWLYHVDUHGLVWLQJXLVKHGE\PHDQVRIDVXIIL[DQGWKHXWLOLW\RIDOWHUQDWLYHLLV  ][XX LL  ,IWKHFRQVXPHUKDVWRFKRRVHEHWZHHQWZRDOWHUQDWLYHVL DQGMDQGGRHVVRRQWKHEDVLVRIKLVSUHIHUHQFHVKHFKRRVHVWKHDOWHUQDWLYHIRUZKLFKXWLOLW\LVKLJKHVW/HW,L_LMEHDQLQGLFDWRUYDULDEOHWKDWWDNHVRQWKHYDOXHZKHQDOWHUQDWLYHL LVFKRVHQDQGLVHTXDOWRRWKHUZLVH$FFRUGLQJWRWKHWKHRU\MXVWODLGRXWZHVKRXOGKDYHLII_ ! ML XXMLL, 7KHEXONRIWKHOLWHUDWXUHRQ63GDWDDVVXPHVWKDWSUHIHUHQFHVDUHOLQHDULQWKHDWWULEXWHVDQGZHZLOODGRSWWKLVDVVXPSWLRQWKURXJKRXWWKHSDSHU,WPHDQVWKDWZHFDQZULWHWKHXWLOLW\IXQFWLRQRIWKHUHVSRQGHQWDV¦  1Q QLQL []][X   E ZKHUH1LVWKHQXPEHURIDWWULEXWHVDQGWKHVDUHFRHIILFLHQWVWKDWPD\EHUHVSRQGHQWVSHFLILF,WIROORZVIURPWKDW   LII_  ! ¦ 1Q QMQLQ [[]MLL, E ,IWKHUHVSRQGHQWPDNHV0 FKRLFHVKHUFKRLFHVGHILQH0 LQHTXDOLWLHVWKDWVKRXOGEHFRQVLVWHQWZLWKHDFKRWKHU7KLVLPSRVHVWHVWDEOHUHVWULFWLRQVRQWKHGDWD7KLVVHHPVWRKDYHEHHQSRLQWHGRXWILUVWE\%DWHVZKRFRQVWUXFWHGµUD\GLDJUDPV¶IRUWKHFDVHLQZKLFKWKHUHDUHWKUHHFKDUDFWHULVWLFV (DFKFKRLFHGHILQHVDUD\DQGWKLVUD\LVWKHERXQGDU\RIWKHFRPELQDWLRQVRIWKHSDUDPHWHUV E RIWKHUHVSRQGHQW¶VXWLOLW\IXQFWLRQWKDWDUHFRQVLVWHQWZLWKKHUFKRLFH,QJHQHUDOWKHHTXDWLRQ     ¦ 1Q QMQLQ [[]E GHILQHVDK\SHUSODQHLQWKHVSDFHWRZKLFKWKHFRHIILFLHQWVE EHORQJ7KHEVWKDWDUHFRQVLVWHQWZLWKDFKRLFHPDGHE\WKHUHVSRQGHQWVDUHLQRQHRIWKHWZRRSHQKDOIVSDFHVGHILQHGE\WKLVK\SHUSODQH(DFKFKRLFHRIWKHUHVSRQGHQWGHILQHV
 7KHWHVWRIUDWLRQDOLW\WKLVVXJJHVWVLVVLPLODULQVSLULWWRWKDWGHYHORSHGE\9DULDQZKRFRQVLGHUHGXWLOLW\PD[LPL]DWLRQXQGHUDEXGJHWUHVWULFWLRQ

VXFKDKDOIVSDFH&RQVLVWHQF\UHTXLUHVWKDWWKHLQWHUVHFWLRQRIWKHKDOIVSDFHVGHILQHGE\DOOTXHVWLRQVLVQRWHPSW\$QHOHPHQWDU\YLRODWLRQRIWKLVUHTXLUHPHQWRFFXUVZKHQDUHVSRQGHQWPDNHVGLIIHUHQWFKRLFHVLQLGHQWLFDOFKRLFHVLWXDWLRQVWKHKDOIVSDFHVGHILQHGE\WKHVHFKRLFHVDUHGLVMRLQWDQGWKHLULQWHUVHFWLRQLVWKHUHIRUHHPSW\,WVKRXOGEHQRWHGWKDWWKLVFRQVLVWHQF\FKHFNDOORZVIRULQGLYLGXDOVSHFLILFFRHIILFLHQWV E 6 OHQVPLQGHXVHGDSDUWLDOYHUVLRQRIWKLVFKHFNE\FRPSDULQJRQO\WZRFKRLFHVDWDWLPH 6 OHQVPLQGH IRXQGWKDWPRUHWKDQRIWKHUHVSRQGHQWVZKRKDGWRPDNHQLQHSDLUZLVH FRPSDULVRQVPDGHDWOHDVWRQHFKRLFHWKDWLVLQFRQVLVWHQWZLWKDQRWKHUFKRLFHZKHUHDV6 OHQVPLQGH IRXQGWKDWPRUHWKDQRQHWKLUGRIUHVSRQGHQWVZKRKDGWRPDNHIRXUSDLUZLVH FRPSDULVRQVPDGHDWOHDVWRQHLQFRQVLVWHQWFKRLFH)RVWHUDQG0DXUDWRFRQVLGHUVRPHRWKHUWHVWVIRUWKHORJLFDOFRQVLVWHQF\RI63FKRLFHV,IRQHDOWHUQDWLYHGRPLQDWHVWKHRWKHULQWKHVHQVHWKDWDOOFKDUDFWHULVWLFVKDYHDYDOXHWKDWLVHTXDOWRRUEHWWHUWKDQWKDWRIWKHRWKHULWVKRXOGDOZD\VEHFKRVHQ,IDOWHUQDWLYH$LVSUHIHUUHGWR%DQGDQRWKHUSDLUZLVH FRPSDULVRQUHVXOWVLQ%EHLQJSUHIHUUHGWR&WKDQDSDLUZLVH FRPSDULVRQRI$DQG&VKRXOGUHVXOWLQDFKRLFHIRU$ 7KHVHGRPLQDQFHDQGWUDQVLWLYLW\UHTXLUHPHQWVDUHDVSHFWVRIWKHJHQHUDOFRQVLVWHQF\WHVWEDVHGRQWKDWZDVGLVFXVVHGDERYH,WZDVIRXQGWKDWRIWKHUHVSRQGHQWVYLRODWHGWKHGRPLQDQFHFULWHULRQDQGWKHWUDQVLWLYLW\UHTXLUHPHQW*LYHQWKHHOHPHQWDU\QDWXUHRIHVSHFLDOO\WKHGRPLQDQFHFULWHULRQWKHVHIUDFWLRQVDUHVXUSULVLQJO\KLJK/H[LFRJUDSKLFFKRLFHVDUHDOZD\VFRQVLVWHQW7KH\DUHFRPSDWLEOHZLWKDOLQHDUXWLOLW\IXQFWLRQLIRQHRIWKHSDUDPHWHUVVD\WKHILUVWLVVXFKWKDW   ML [[ E DOZD\VH[FHHGV ¦ 1Q QMQLQ [[] E LQDEVROXWHYDOXH7KLVPHDQVWKDWWKHRFFXUUHQFHRIOH[LFRJUDSKLFFKRLFHVLVDOVRDIIHFWHGE\WKHYDOXHVFKRVHQIRUWKHDWWULEXWHV,IWKHUHDOSUHIHUHQFHVRIDUHVSRQGHQWDUHJLYHQE\WKHWUDGHRIIVVKHLVZLOOLQJWRPDNHFDQEHXQFRYHUHGE\XVLQJWKHµULJKW¶YDOXHVRIWKHDWWULEXWHV+RZHYHULIDUHVSRQGHQWKDVWUXO\OH[LFRJUDSKLFSUHIHUHQFHVVXFKWUDGHRIIVGRQRWH[LVW,WLVWKHUHIRUHLPSRUWDQWWRFKHFNZKHWKHUOH[LFRJUDSKLFFKRLFHEHKDYLRULVFRPSDWLEOHZLWKUHDVRQDEOHYDOXHVRIWKHWUDGHRIIVLQYROYHG
3UREDELOLVWLFFKRLFHPHFKDQLVP7KHIDFWWKDWHYHQSDUWLDODQGHOHPHQWDU\FKHFNVVKRZPDQ\YLRODWLRQVRIFRQVLVWHQF\VXJJHVWWKDWLWLVZRUWKZKLOHWRFRQVLGHUH[SOLFLWO\WKHSRVVLELOLW\WKDWWKHFKRLFHSURFHVVLVVXEMHFWWRHUURUV)RUWXQDWHO\WKHORJLWPRGHOZKLFKLVWKHZRUNKRUVHRIVWDWHGSUHIHUHQFHDQDO\VLVFDQEHLQWHUSUHWHGDVLQFRUSRUDWLQJVXFKDPHFKDQLVP,QLWVVWDQGDUGIRUPWKLVPRGHOFDQEHUHODWHGWRWKHGLVFXVVLRQDERYHE\DGGLQJDQHUURUWHUPH WRWKHEHKDYLRUDOK\SRWKHVLVLII_ ! VHML XXMLL, DQGDVVXPLQJWKDWH LVORJLVWLFGLVWULEXWHG1 LVDVFDOLQJIDFWRU :KHQ1 WKLVUHGXFHVWR)RUSRVLWLYHYDOXHVRI1 WKLVPRGHOLPSOLHVFKRLFHSUREDELOLWLHVRIWKHIRUP
 +HUHVWULFWVDWWHQWLRQWRWKHQRQHPSWLQHVVRIWKHLQWHUVHFWLRQRIWZRKDOIVSDFHVZKHUHDVDFRPSOHWHFRQVLVWHQF\FKHFNZRXOGLQYHVWLJDWHWKHQRQHPSWLQHVVRIWKHLQWHUVHFWLRQRIDOOWKHKDOIVSDFHVGHILQHGE\WKHUHVSRQGHQW¶VFKRLFHV $WKLUGWHVWFRQVLGHUHGE\)RVWHUDQG0DXUDWRUHIHUVWRWKHUDQNLQJRIPRUHWKDQWZRDOWHUQDWLYHV7KLVWHVWLVQRWFRQVLGHUHGKHUH 6HH5RVHQEHUJHUHWDOIRUDGLVFXVVLRQRIOH[LFRJUDSKLFFKRLFHEHKDYLRU 7KHLQWURGXFWLRQRIWKHUDQGRPWHUPPD\EHLQWHUSUHWHGDVWKHUHVXOWRIDQLPSHUIHFWDELOLW\WRFKRRVHVHH'H3DOPDHWDO








$OZD\VORZHVWWUDYHOWLPH                         7RWDO     1RWH7KHQXPEHURIFKRLFHVLWXDWLRQVIRUZKLFKWKHUHLVQRGLIIHUHQFHLQWUDYHOWLPHEHWZHHQWKHWZRDOWHUQDWLYHVIRUJURXSVLVDQGUHVSHFWLYHO\
 7KLVLPSOLHVWKDWGRPLQDWLQJDOWHUQDWLYHVGRQRWRFFXU 'XWFKJXLOGHUZDVHXUR

7DEOHDOVRSURYLGHVLQIRUPDWLRQZLWKUHVSHFWWRWKHQXPEHURIUHVSRQGHQWVWKDWPDGHGLIIHUHQWFKRLFHVLQVLWXDWLRQVDQGDQGRQWKHQXPEHUVWKDWDOZD\VFKRRVHWKHDOWHUQDWLYHVWKDWVFRUHGEHVWRQRQHRIWKHWKUHHDWWULEXWHV$SSUR[LPDWHO\RIWKHUHVSRQGHQWVPDGHGLIIHUHQWFKRLFHVLQVLWXDWLRQVDQG$OPRVWRIWKHUHVSRQGHQWVDOZD\VFKRRVHWKHDOWHUQDWLYHZLWKWKHORZHVWWROODQGDOZD\VFKRRVHWKHDOWHUQDWLYHZLWKWKHORZHVWWUDYHOWLPH7KHDOWHUQDWLYHZLWKWKHORZHVWWUDYHOWLPHLVDOZD\VWKHRQHZLWKWKHORZHVWQXPEHURIIDWDOLWLHVVRWKHODWWHUQXPEHUDOVRFRQWDLQVDOOUHVSRQGHQWVWKDWKDYHDOZD\VRSWHGIRUWKHDOWHUQDWLYHZLWKWKHORZHVWQXPEHURIIDWDOLWLHV,WVKRXOGEHUHPHPEHUHGWKDWVXFKRQHVLGHGFKRLFHEHKDYLRULVQRWQHFHVVDULO\JHQHUDWHGE\SXUHOH[LFRJUDSKLFSUHIHUHQFHVWKDWLVSUHIHUHQFHVLQZKLFKWKHUHLVQRWUDGHRIIEHWZHHQWKHVFRUHVRIWKHYDULRXVDWWULEXWHV:LWKDVXIILFLHQWO\ODUJHYDOXHIRURQHSDUDPHWHUUHODWLYHWRWKHRWKHUVDOLQHDUXWLOLW\IXQFWLRQDVGHILQHGLQFDQOHDGWRFKRLFHVWKDWDUHVHHPLQJO\OH[LFRJUDSKLF7KURXJKRXWWKHSDSHUZHZLOOPDLQWDLQWKHK\SRWKHVLVWKDWXQOHVVSUHIHUHQFHVDUHSXUHOH[LFRJUDSKLFWKHXWLOLW\RIHDFKRIWKHFKRVHQDOWHUQDWLYHVLVDOLQHDUIXQFWLRQRIWKHWKUHHDWWULEXWHV WLPHWUDYHOIDWDOLWLHV]WROO]][X   EEE  7KHYDOXHRIDVWDWLVWLFDOOLIHYRVODQGWKHYDOXHRIWUDYHOWLPHYRWLPSOLHGE\WKLVXWLOLW\IXQFWLRQDUH
    ]]YRW]]YRVO EEEE   
$ILUVWFRQVLVWHQF\FKHFN:HVWDUWRXUDQDO\VLVRIWKHGDWDE\FDUU\LQJRXWDFRQVLVWHQF\FKHFNEDVHGRQWKHOLQHDULQHTXDOLWLHVGHILQHGLQ7KLVPHDQVWKDWZHVSHFLI\WKHGLIIHUHQFH ML XX  DVWLPH]IDWDOLWLHV]WROO]XX ML '''     EEE 7KHFKRLFHVPDGHE\WKHUHVSRQGHQWGHILQHWKHIROORZLQJLQHTXDOLWLHV
IDWDOLWLHVWLPHYRWIDWDOLWLHVWROOYRVOMLL, ' '' '! _LI D




7DEOH,QFRQVLVWHQWDQGOH[LFRJUDSKLFUHVSRQGHQWV*URXS Q 2YHUDOO,QFRQVLVWHQW 2YHUDOO&RQVLVWHQW /H[LFRJUDSKLF                    7RWDO    





























































































































7DEOH,QFRQVLVWHQWFKRLFHSDWWHUQVQ                    RUPRUH     7RWDO     1RWH Q LVWKHPLQLPXPQXPEHURIFKRLFHVWKDWPXVWEHGLIIHUHQWLQRUGHUWRPDNHWKHUHVSRQGHQW¶VFKRLFHSDWWHUQFRQVLVWHQW








































7DEOH$FWXDODQGSUHGLFWHGIUHTXHQFLHVRIUHVSRQVHVWRDQG*URXS &KRLFH3URE ,QFRQVLVWHQW 7ZRWLPHV 7ZRWLPHV  3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO   




7DEOH$FWXDODQGSUHGLFWHGIUHTXHQFLHVRIOH[LFRJUDSKLFFKRLFHV*URXS 7ROO )DWDOLWLHVDQG7UDYHOWLPH 7UDYHOWLPH 3UHGLFWHG   $FWXDO    3UHGLFWHG   $FWXDO    3UHGLFWHG   $FWXDO    3UHGLFWHG   $FWXDO    3UHGLFWHG   $FWXDO   
7KHWDEOHVKRZVWKDWWKHREVHUYHGIUHTXHQF\RIOH[LFRJUDSKLFFKRLFHVLVPXFKODUJHUWKDQSUHGLFWHGE\WKHORJLWPRGHO,QGHHGWKHGLIIHUHQFHLVVRODUJHWKDWDVWDWLVWLFDOWHVWVHHPVVXSHUIOXRXV3UHGLFWHGDQGDFWXDOIUHTXHQFLHVRIOH[LFRJUDSKLFFKRLFHEHKDYLRURQWUDYHOWLPHDUHDOZD\VODUJHUWKDQRUHTXDOWRWKRVHLQZLWKUHVSHFWWRIDWDOLWLHVZKLFKLVLQDFFRUGDQFHZLWKWKHGLVFXVVLRQJLYHQDERYH7KHREVHUYHGIUHTXHQFLHVDUHHTXDOIRUJURXSZKLFKLVWKHRQHLQZKLFKUHVSRQGHQWVDUHRQO\RQFHFRQIURQWHGZLWKDFKRLFHVLWXDWLRQLQZKLFKWKHWUDYHOWLPHVRIWKHWZRDOWHUQDWLYHURXWHVDUHHTXDOWRHDFKRWKHU
7ZRH[SODQDWLRQV7KHUHDUHWZRSRVVLEOHH[SODQDWLRQVIRUWKHILQGLQJVRIWKLVVHFWLRQ7KHORZIUHTXHQF\RIGLIIHUHQWFKRLFHVIRUTXHVWLRQVDQGPD\EHFDXVHGE\WKHIDFWWKDWUHVSRQGHQWVUHPHPEHUWKHLUVHFRQGFKRLFHZKHQPDNLQJWKHWHQWK ,QRUGHUWRLQFRUSRUDWHWKLVSRVVLELOLW\LQWKHPRGHOZHVLPSO\DGGWKHVHFRQGFKRLFHDVDQH[SODQDWRU\YDULDEOHLQWKHORJLWH[SUHVVLRQIRUWKHWHQWKFKRLFH :HGRWKLVE\DGGLQJDQHZYDULDEOHFDOOHGFWRWKHOLQHDUXWLOLW\IXQFWLRQZKHQLWUHIHUVWRWKHWHQWKFKRLFH,IDOWHUQDWLYHZDVSUHIHUUHGLQWKHVHFRQGFKRLFHF RWKHUZLVHF (VWLPDWLRQUHVXOWVRIWKLVDOWHUQDWLYHPRGHODUHSUHVHQWHGLQ7DEOHLQWKHFROXPQLQGLFDWHGZLWKµPHPRU\¶7KHFRHIILFLHQWIRUFKRLFH FLVSRVLWLYHDQGVLJQLILFDQWDVH[SHFWHG7KHUHDUHRQO\VPDOOFKDQJHVLQWKHRWKHUFRHIILFLHQWVDQGWKHUHLVDODUJHLQFUHDVHLQWKHORJOLNHOLKRRG:LWKUHVSHFWWRWKHOH[LFRJUDSKLFFKRLFHVZHPD\K\SRWKHVL]HWKDWWKHUHDUHODWHQWFODVVHVRIUHVSRQGHQWZLWKOH[LFRJUDSKLFSUHIHUHQFHVUHIHUULQJWRHDFKRIWKHWKUHHFKDUDFWHULVWLFV /HWSLEHWKHSUREDELOLW\WKDWDUHVSRQGHQWLVOH[LFRJUDSKLFZLWKUHVSHFWWRWKHLWKFKDUDFWHULVWLF:HGHILQHG DVWKHYDULDEOHWKDWLQGLFDWHVWKDWDUHVSRQGHQWPDGHOH[LFRJUDSKLFFKRLFHVZLWKUHVSHFWWRWROODQGG DVWKHDQDORJRXVYDULDEOHWKDWLQGLFDWHVOH[LFRJUDSKLFFKRLFHVZLWKUHVSHFWWRWKHQXPEHURIIDWDOLWLHV$WKLUGLQGLFDWRUGHTXDOVLIWKHUHVSRQGHQWPDGHOH[LFRJUDSKLF
 1RWHWKDWWKLVGRHVQRWQHFHVVDULO\LPSO\WKDWWKHUHVSRQGHQWVPDGHDFKRLFHWKDWLVLQDFFRUGDQFHZLWKWKHLUSUHIHUHQFHV,WLVRQO\DVVXPHGWKDWWKH\ZDQWWREHFRQVLVWHQWLQWKHLUFKRLFHEHKDYLRU6HH$ULHO\HWDO ,QFOXVLRQRIDODJJHGGHSHQGHQWYDULDEOHGRHVQRWLQGXFHLQFRQVLVWHQF\LQHVWLPDWLRQVLQFHWKHHUURUVLQWKHFKRLFHSURFHVVDUHDVVXPHGWREHLQGHSHQGHQWIRUHDFKFKRLFH6HH7UDLQ 7KHODWHQWFODVVDSSURDFKLVIUHTXHQWO\XVHGLQPDUNHWLQJVHHHJ.DPDNXUDDQG5XVVHOODQG:HGHODQG'H6DUER7KHPRGHOXVHGKHUHLQZKLFKWKHFODVVHVUHIHUWRUHVSRQGHQWVDOZD\VFKRRVLQJDQDOWHUQDWLYHWKDWLVEHVWZLWKUHSVHFWWRRQHFKDUDFWHULVWLFLVDOVRUHODWHGWRGLVFUHWHFKRLFHPRGHOVZLWKPLVFODVVLILFDWLRQVHH+DXVPDQHWDO

FKRLFHVZLWKUHVSHFWWRWUDYHOWLPHEXWQRWZLWKUHVSHFWWRWKHQXPEHURIIDWDOLWLHV$UHVSRQGHQWPD\UHSRUWOH[LFRJUDSKLFFKRLFHVEHFDXVHVKHEHORQJVWRWKHFODVVFKDUDFWHUL]HGE\WKDWEHKDYLRUEXWDOVREHFDXVHVKHPDNHVFKRLFHVDFFRUGLQJWRWKHEDVLFORJLWPRGHOZKLFKE\FKDQFHKDSSHQWREHOH[LFRJUDSKLF7KHUHVSRQGHQWVWKDWEHORQJWRWKHFODVVPDNLQJOH[LFRJUDSKLFFKRLFHVZLWKUHVSHFWWRWUDYHOWLPHDUHVXSSRVHGWRDFWLQDFFRUGDQFHZLWKWKHORJLWPRGHOIRUWKRVHFKRLFHVLQZKLFKWKHWZRDOWHUQDWLYHGRQRWGLIIHULQWUDYHOWLPH:HGHILQH$ DVWKHVHWRIWKHFKRLFHVLWXDWLRQVWKDWGRQRWGLIIHULQWUDYHOWLPHDQGOHWSL GHQRWHWKHSUREDELOLW\RIWKHLWKFKRLFHPDGHE\WKHUHVSRQGHQWLPSOLHGE\WKHORJLWPRGHO7KHOLNHOLKRRGO RIWKHFKRLFHVPDGHE\WKHDUHVSRQGHQWFDQQRZEHGHILQHGDV        L L$L L SSGGGGO SSSSSS ,IDOOLV DUHHTXDOWRWKLVUHGXFHVWRWKHOLNHOLKRRGRIWKHEDVLFORJLWPRGHO(VWLPDWLRQUHVXOWVRIWKLVPRGHOZLWKOH[LFRJUDSKLFFODVVHVDUHDOVRUHSRUWHGLQ7DEOHLQWKHFROXPQVLQGLFDWHGDVµ/H[&ODVVHV¶:HILQGVLJQLILFDQWFRHIILFLHQWVIRUDOOWKUHHFODVVHV7KHODUJHVWOH[LFRJUDSKLFFODVVDUHUHVSRQGHQWVZKRDOZD\VFKRRVHWKHDOWHUQDWLYHWKDWLVVDIHVW$SSUR[LPDWHO\RIWKHUHVSRQGHQWVDOZD\VFKRRVHWKHDOWHUQDWLYHZLWKWKHORZHVWWROO7KHUHLVDOVRDVPDOOFODVVRIUHVSRQGHQWVWKDWLVOH[LFRJUDSKLFZLWKUHVSHFWWRWUDYHOWLPH7KHFRHIILFLHQWVIRUWROOQXPEHURIIDWDOLWLHVDQGWUDYHOWLPHLQWKHORJLWPRGHODUHQRZODUJHU7KHVHUHVXOWVDUHFORVHWRWKRVHUHDFKHGZKHQWKHOH[LFRJUDSKLFUHVSRQGHQWVDUHUHPRYHGIURPWKHVDPSOH7KHUHLVDVXEVWDQWLDOLQFUHDVHLQWKHORJOLNHOLKRRG7KHWZRFKDQJHVLQWKHPRGHOVSHFLILFDWLRQFDQDOVREHFRPELQHG(VWLPDWLRQUHVXOWVIRUWKLVDOWHUQDWLYHVSHFLILFDWLRQDUHUHSRUWHGLQWKHODVWWZRFROXPQVRI7DEOH7KHFRHIILFLHQWIRUFKRLFHQRZKDVDVPDOOHUYDOXH7KHUHDVRQLVWKDWWKHUHVSRQGHQWVEHORQJLQJWRWKHOH[LFRJUDSKLFFODVVHVDOOPDNHLGHQWLFDOFKRLFHVLQVLWXDWLRQVDQG(VWLPDWLRQUHVXOWVVXJJHVWWKDWWKLVHIIHFWRIWKHOH[LFRJUDSKLFFODVVHVLVLQVXIILFLHQWWRH[SODLQWKHORZIUHTXHQF\RIGLIIHUHQWFKRLFHVLQVLWXDWLRQDQGFRPSOHWHO\









   LLLL LLLLLLLL LQFRPHHGKLJKHUHGORZHUIHPDOHDJH EEEEEEE  (GXFDWLRQZDVJLYHQLQVHYHQFODVVHVDQGGXPPLHVZHUHFRQVWUXFWHGIRUWKHILUVWWZRORZHUHGXFDWLRQDQGWKHKLJKHVWWZRKLJKHUHGXFDWLRQ,QFRPHLVJLYHQLQFODVVHVRI'XWFKJXLOGHUVSHU\HDUZHXVHGFODVVPLGSRLQWVDQGWUHDWHGWKLVYDULDEOHDVLILWZHUHFRQWLQXRXV(VWLPDWLRQUHVXOWVDUHSUHVHQWHGLQ7DEOH$KLJKHUDJHLPSOLHVDVPDOOHUFRHIILFLHQWIRUWROODQGWUDYHOWLPHEXWDKLJKHURQHIRUIDWDOLWLHV)HPDOHVDWWDFKDKLJKHUYDOXHWRURDGVDIHW\WKDQPDOHV7KHORZHUDQGWKHKLJKHUHGXFDWHGYDOXHDWROOVLJQLILFDQWO\OHVVWKDQWKHUHIHUHQFHJURXS7KHKLJKHUHGXFDWHGKDYHDKLJKHUYDOXHRIWUDYHOWLPH5HVSRQGHQWVZLWKDKLJKHULQFRPHDWWDFKDKLJKHUYDOXHWRURDGVDIHW\7KHVHUHVXOWVVHHPWREHUHDVRQDEOH
7DEOH5HVXOWVRIWKHORJLWPRGHOZLWKUHVSRQGHQWFKDUDFWHULVWLFV
E 7ROO E )DWDOLWLHV E 7UDYHOWLPH&RQVWDQW   $JH   )HPDOH   /RZHUHG   +LJKHUHG   ,QFRPH   /RJOLNHOLKRRG &RHIILFLHQWLVVLJQLILFDQWDWS 
7DEOHZKLFKLVDQDORJRXVWR7DEOHVDQGVKRZVKRZWKHSUHGLFWLRQVRIWKHPRGHOZLWKUHVSHFWWRFKRLFHVLQVLWXDWLRQVDQGFRPSDUHZLWKWKHREVHUYHGIUHTXHQFLHV,QFRQVWUXFWLQJWKLVWDEOHZHKDGWRWDNHLQWRDFFRXQWWKDWWKHSUREDELOLW\WKDWDOWHUQDWLYHZLOOEHFKRVHQLVQRZGHSHQGHQWRQWKHFKDUDFWHULVWLFVRIWKHUHVSRQGHQW7KHSUHGLFWHGIUHTXHQFLHVRIWKHYDULRXVSRVVLELOLWLHVKDYHEHHQFRPSXWHGRQWKHEDVLVRIWKHLQGLYLGXDOFKRLFHSUREDELOLWLHVIRUDOOUHVSRQGHQWVEHORQJLQJWRHDFKJURXS7KHLQGLFDWHGFKRLFHSUREDELOLW\LVWKHUHIRUHWKHDYHUDJHFKRLFHSUREDELOLW\RIDOOPHPEHUVRIWKHJURXSDQGWKHSUHGLFWHGIUHTXHQFLHVRIWKHYDULRXVFRPELQDWLRQVRIUHVSRQVHVDUHDOVRDYHUDJHVRYHUWKHJURXSV7KHSUHGLFWHGIUHTXHQFLHVDUHDOZD\VYHU\FORVHWRWKHYDOXHVFRPSXWHGIRUWKHVLPSOHORJLWPRGHORIWKHSUHYLRXVVHFWLRQ,QDOOFODVVHVWKHQXPEHURISUHGLFWHGLQFRQVLVWHQWFKRLFHVLVOHVVWKDQKDOIWKHSUHGLFWHGYDOXH,QFRUSRUDWLQJWKHHIIHFWVRIREVHUYHGKHWHURJHQHLW\GRHVQRWDSSHDUWREHKHOSIXOLQILQGLQJDQH[SODQDWLRQIRUWKHORZIUHTXHQF\RIGLIIHUHQWFKRLFHVIRUVLWXDWLRQVDQG7KHILJXUHVIRUSUHGLFWHGDQGDFWXDOOH[LFRJUDSKLFFKRLFHEHKDYLRUZKLFKDUHQRWSUHVHQWHGKHUHOHDGWRDVLPLODUFRQFOXVLRQ

7DEOH$FWXDODQGSUHGLFWHGIUHTXHQFLHVRIUHVSRQVHVWRDQGLQWKHPRGHOZLWKREVHUYHGKHWHURJHQHLW\*URXS &KRLFH3URE ,QFRQVLVWHQW 7ZRWLPHV 7ZRWLPHV  3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO     3UHGLFWHG   $FWXDO   
7KHPRGHOZLWKREVHUYHGKHWHURJHQHLW\LPSOLHVGLIIHUHQWFKRLFHSUREDELOLWLHVIRUUHVSRQGHQWVZLWKGLIIHUHQWFKDUDFWHULVWLFVDQGWKLVRIIHUVWKHSRVVLELOLW\IRUDFORVHUH[DPLQDWLRQRIWKHGLVFUHSDQF\EHWZHHQREVHUYHGDQGDFWXDOIUHTXHQFLHV,Q7DEOHZHKDYHFODVVLILHGWKHSUREDELOLW\WKDWDOWHUQDWLYHZLOOEHFKRVHQLQFODVVHVZLWKEUHDGWK7KHSUHGLFWHGSUREDELOLW\RILQFRQVLVWHQWFKRLFHVZDVFRPSXWHGRQWKHEDVLVRIFODVVPLGSRLQWV7KHDFWXDOIUHTXHQFLHVDUHDOVRFRPSXWHGIRUHDFKFODVVRQWKHEDVLVRIWKHSUHGLFWHGSUREDELOLW\RIFKRRVLQJDOWHUQDWLYHLQVLWXDWLRQVDQG7KH7DEOHVKRZVWKDWWKHDFWXDOIUHTXHQFLHVKDYHPRUHRUOHVVDQLQYHUWHG8VKDSHOLNHWKHSUHGLFWHGIUHTXHQFLHVEXWLWLVQRWV\PPHWULFDURXQG7KLVSDWWHUQFDQEHYLVXDOL]HGE\FDUU\LQJRXWDQRQSDUDPHWULFUHJUHVVLRQRIWKHIUHTXHQF\RIGLIIHUHQWFKRLFHVLQVLWXDWLRQVDQGRQWKHDFWXDOFKRLFHIUHTXHQFLHV 7KHUHVXOWLV)LJXUH7KHOLQHIRUWKHDFWXDOIUHTXHQF\LVEDVHGRQDQRUPDONHUQHO7KHFRQILGHQFHLQWHUYDOZDVGHWHUPLQHGE\PHDQVRIWKHERRWVWUDS7KH)LJXUHVKRZVWKDWWKHGLIIHUHQFHEHWZHHQWKHDFWXDODQGSUHGLFWHGIUHTXHQFLHVRIGLIIHUHQWDQVZHUVLVVLJQLILFDQWH[FHSWIRUWKRVHLQGLYLGXDOVZKRKDYHDSUREDELOLW\RIFKRRVLQJDOWHUQDWLYHWKDWLVFORVHWR






E 7ROO E )DWDOLWLHV E 7UDYHOWLPH&RQVWDQW   $JH   )HPDOH   /RZHUHG   +LJKHUHG   ,QFRPH   
















0L[HGORJLW7KHIDFWWKDWWKHQXPEHURILQFRQVLVWHQWFKRLFHVLVORZHU WKDQSUHGLFWHGE\DOOWKHPRGHOVFRQVLGHUHGWKXVIDUPD\EHLQWHUSUHWHGDVVXJJHVWLQJWKDWWKHHUURUVLQWKHWUXHPRGHORIWKHGHFLVLRQSURFHVVDUHQRWLQGHSHQGHQWIRUFRQVHFXWLYHFKRLFHV2QHFDQLPDJLQHWKDWWKHH LQFDQEHGHFRPSRVHGLQDSDUWWKDWLVVWUXFWXUDOLQWKHVHQVHWKDWLWVYDOXHGLIIHUVLQWKHSRSXODWLRQEXWLVQRWLQGHSHQGHQWIRUFRQVHFXWLYHFKRLFHVRIWKHVDPHLQGLYLGXDOZKHUHDVDQRWKHUSDUWLVUDQGRPLQERWKGLPHQVLRQV7KHPL[HGORJLWPRGHOVHH0F)DGGHQDQG7UDLQKDVVXFKDVWUXFWXUH:HXVHWKHOLQHDUVSHFLILFDWLRQDVWKHEDVLVIRUWKHPL[HGORJLWPRGHOWREHXVHGKHUH+RZHYHUWKHSDUDPHWHUVLQWKLVHTXDWLRQDUHQRZUDQGRPYDULDEOHV7KLVUDQGRPQHVVUHIOHFWVGLIIHUHQFHVLQWKHYDOXHLQGLYLGXDOVDWWDFKWRWROOVDIHW\DQGWUDYHOWLPH7KHVWDQGDUGORJLWPRGHOXVHGHDUOLHULQWKLVVHFWLRQOLQNHGVXFKGLIIHUHQFHVWRREVHUYHGFKDUDFWHULVWLFVEXWQRZZHDEDQGRQWKDWDVVXPSWLRQ7KHGLVWULEXWLRQRIDOOWKHFRHIILFLHQWVLVDVVXPHGWREHORJQRUPDOZLWKDPLQXVVLJQ7KHORJQRUPDOGLVWULEXWLRQKDVEHHQFKRVHQLQRUGHUWRPDNHWKHPRGHOFRQVLVWHQWZLWKWKHDSULRULQRWLRQWKDWDOOUHVSRQGHQWVGLVOLNHDOOWKUHHDWWULEXWHV7KHORJQRUPDOSUREDELOLW\GHQVLW\IXQFWLRQRIWKHSDUDPHWHUL LV  ¸̧¹·¨̈©§ ¸̧¹·¨̈©§  OQH[S L LLLLLJ V PESVEE 




7DEOH(VWLPDWLRQUHVXOWVIRUWKHPL[HGORJLWPRGHO9DULDEOH P V7ROO  )DWDOLWLHV   7UDYHOWLPH    /RJOLNHOLKRRG &RHIILFLHQWLVVLJQLILFDQWDWS LQGHSHQGHQWGUDZLQJVZHUHXVHGIRUHDFKREVHUYDWLRQ
7KHODUJHLQFUHDVHLQWKHOLNHOLKRRGVXJJHVWVWKDWWKLVVSHFLILFDWLRQRIWKLVPRGHOILWVWKHGDWDEHWWHUWKDQWKRVHFRQVLGHUHGHDUOLHUQRWHWKDWWKHEDVLFORJLWPRGHOLVWKHVSHFLDOFDVHRIWKHPL[HGORJLWWKDWKDVDOOHOHPHQWVRIWKH&KROHVNLPDWUL[HTXDOWR,QRUGHUWRDQDO\]HWKHLPSOLFDWLRQVRIWKHPL[HGORJLWPRGHOIRUGLIIHUHQWFKRLFHVLQVLWXDWLRQVDQGOHWSEGHQRWHWKHSUREDELOLW\WKDWDOWHUQDWLYHZLOOEHFKRVHQDWWKHVHFRQGRUWHQWKTXHVWLRQIRUJLYHQYDOXHVRIWKHUDQGRPSDUDPHWHUV7KHSUREDELOLW\RILQFRQVLVWHQWFKRLFHVDWWKHJLYHQSDUDPHWHUVYDOXHVLVGHWHUPLQHGLQWKHVDPHZD\DVIRUWKHEDVLFORJLWPRGHOEXWZHVKRXOGQRZLQWHJUDWHRYHUWKHSDUDPHWHUVLQRUGHUWRREWDLQWKHRYHUDOOH[SHFWHGSUREDELOLW\RIVXFKFKRLFHV7KHH[SUHVVLRQZHKDYHWRHYDOXDWHLV     
  
EEEEEEE E E GGGISS ³ ³ ³ 7KLVLQWHJUDOLVHYDOXDWHGE\VLPXODWLRQ:HXVHWKHVDPHDSSURDFKWRHYDOXDWHWKHSUHGLFWHGSUREDELOLWLHVWKDWWZRWLPHVDOWHUQDWLYHZLOOEHFKRVHQDQGWZRWLPHVDOWHUQDWLYH7KHUHVXOWVDSSHDULQ7DEOH

















7DEOH(VWLPDWLRQUHVXOWVIRUWKHPL[HGORJLWPRGHOZLWKPHPRU\DQGOH[LFRJUDSKLFFODVVHV9DULDEOH P V7ROO  )DWDOLWLHV   7UDYHOWLPH    




7KHFRQVHTXHQFHVRIWKHGLIIHUHQWPRGHOVSHFLILFDWLRQVIRUWKHYRW DQGWKHYRVO DUHVKRZQLQ7DEOH,QWURGXFWLRQRIWKHPHPRU\HIIHFWDQGRIOH[LFRJUDSKLFFODVVHVLQWKHEDVLFPRGHOOHDGVWRDVXEVWDQWLDOGHFUHDVHLQWKHYRW DQGWKHYRVO )RUWKHPL[HGORJLWPRGHOVWKHH[SHFWHGYDOXHRIYRWDQGYRVO ZDVFRPSXWHGDVWKHDYHUDJHRYHUUDQGRPGUDZLQJVIURPWKHVLPXOWDQHRXVGLVWULEXWLRQRIWKHFRHIILFLHQWV7KHYRVOLQWKHPL[HGORJLWPRGHOLVYHU\KLJKLIZHGRQRWH[SOLFLWO\WDNHLQWRDFFRXQWWKHOH[LFRJUDSKLFFODVVHVDQGWKHPHPRU\HIIHFW7KHUHDVRQLVWKDWWKHSUHVHQFHRIUHODWLYHO\KLJKQXPEHURIOH[LFRJUDSKLFFKRLFHVHVSHFLDOO\ZLWKUHVSHFWWRVDIHW\LQIOXHQFHVWKHHVWLPDWHGGLVWULEXWLRQRIWKHFRHIILFLHQWV,IWKHH[WHQVLRQVDUHPDGHWRWKHPRGHOWKHRUGHURIPDJQLWXGHRIWKHYRVO LVWKHVDPHDVIRUWKHORJLWPRGHOZLWKRXWUDQGRPFRHIILFLHQWV,QGHHGWKHSDUDPHWHUV IRUWKHUDQGRPFRHIILFLHQWUHIHUULQJWRIDWDOLWLHVLVKLJKHULQWKHPRGHOZLWKRXWOH[LFRJUDSKLFFODVVHVDQGPHPRU\HIIHFWDQGWKHFRUUHODWLRQZLWKWKHYDOXDWLRQRIWROOLVLQVLJQLILFDQW([WHQGLQJWKHPRGHOOHDGWRDORZHUYDOXHRIV DQGDVLJQLILFDQWFRUUHODWLRQZLWKWKHYDOXDWLRQRIWKHWROO7KHFRUUHODWLRQEHWZHHQWKHYDOXDWLRQRIWROODQGRIWUDYHOWLPHWKDWLVSUHVHQWLQERWKYDULHWLHVRIWKHPL[HGORJLWPRGHOSUHYHQWVDVLPLODUSKHQRPHQRQIRUWKHYDOXHRIWLPHWRRFFXU
7DEOH9DOXHVRIWLPHDQGRIDVWDWLVWLFDOOLIHLQVRPHPRGHOVSHFLILFDWLRQV%DVLFPRGHO %DVLFPRGHOZLWKPHPRU\DQGOH[LFRJUDSKLFFODVVHV




5HIHUHQFHV$ULHO\'*/RHZHQVWHLQDQG'3UHOHF³&RKHUHQW$UELWUDULQHVV´6WDEOH'HPDQG&XUYHVZLWKRXW6WDEOH3UHIHUHQFHV4XDUWHUO\-RXUQDORI(FRQRPLFV %DWHV--5HIOHFWLRQVRQ6WDWHG3UHIHUHQFHV7KHRU\DQG3UDFWLFHSDSHUSUHVHQWHGRQWKH6HYHQWK,QWHUQDWLRQDOFRQIHUHQFHRQ7UDYHO%HKDYLRU-XQH6DQWLDJR&KLOH%OXQGHOO5DQG-'XQFDQ.HUQHO5HJUHVVLRQLQ(PSLULFDO0LFURHFRQRPLFV-RXUQDORI+XPDQ5HVRXUFHV  'H3DOPD$*00\HUVDQG<<3DSDJHRUJLRX5DWLRQDO&KRLFHXQGHUDQ,PSHUIHFW$ELOLW\WR&KRRVH$PHULFDQ(FRQRPLF5HYLHZ  'H6KD]R-5DQG*)HUPR'HVLJQLQJ&KRLFH6HWVIRU6WDWHG3UHIHUHQFH0HWKRGV7KH(IIHFWVRI&RPSOH[LW\RQ&KRLFH&RQVLVWHQF\-RXUQDORI

(QYLURQPHQWDO(FRQRPLFVDQG0DQDJHPHQW  )RVWHU9DQG60RXUDWR7HVWLQJIRU&RQVLVWHQF\LQ&RQWLQJHQW5DQNLQJ([SHULPHQWV-RXUQDORI(QYLURQPHQWDO(FRQRPLFVDQG0DQDJHPHQW  +DXVPDQ--$EUHYD\DDQG)06FRWW0RUWRQ0LVFODVVLILFDWLRQRIWKH'HSHQGHQW9DULDEOHLQD'LVFUHWH5HVSRQVH6HWWLQJ-RXUQDORI(FRQRPHWULFV +ROPHV73DQG:/$GDPRZLF]$WWULEXWHEDVHG0HWKRGVSSLQ3$&KDPS.-%R\OHDQG7&%URZQHGV$3ULPHURQ1RQ0DUNHW9DOXDWLRQ .OXZHU'RUGUHFKW-RKQVRQ)5.(0DWKHZVDQG0)%LQJKDP(YDOXDWLQJ:HOIDUH7KHRUHWLF&RQVLVWHQF\LQ0XOWL5HVSRQVH6WDWHGSUHIHUHQFH6XUYH\V7ULDQJOH(FRQRPLF5HVHDUFK:RUNLQJ3DSHU.DPDNXUD:$DQG*-5XVVHOO$3UREDELOLVWLF&KRLFH0RGHOIRU0DUNHW6HJPHQWDWLRQDQG(ODVWLFLW\6WUXFWXUH-RXUQDORI0DUNHWLQJ5HVHDUFK  /RXYLHUH--'$+HQVKHUDQG-'6ZDLW6WDWHG&KRLFH0HWKRGV &DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH0F)DGGHQ'DQG.7UDLQ0L[HG0XOWLQRPLDO/RJLW0RGHOVIRU'LVFUHWH5HVSRQVH-RXUQDORI$SSOLHG(FRQRPHWULFV  5L]]L/,DQG-G2UWX]DU6WDWHG3UHIHUHQFHLQWKH9DOXDWLRQRI,QWHUXUEDQ5RDG6DIHW\$FFLGHQW$QDO\VLVDQG3UHYHQWLRQ  5RVHQEHUJHU56*/3HWHUVRQ$&ODUNHDQG7&%URZQ0HDVXULQJ'LVSRVLWLRQVIRU/H[LFRJUDSKLF3UHIHUHQFHVRI(QYLURQPHQWDO*RRGV,QWHJUDWLQJ(FRQRPLFV3V\FKRORJ\DQG(WKLFV(FRORJLFDO(FRQRPLFV  6 OHQVPLQGH.,QFRQVLVWHQW&KRLFHVLQ6WDWHG&KRLFH'DWD7UDQVSRUWDWLRQ 6 OHQVPLQGH.7KH,PSDFWRI&KRLFH,QFRQVLVWHQFLHVLQ6WDWHG&KRLFH6WXGLHV(QYLURQPHQWDODQG5HVRXUFH(FRQRPLFV  7UDLQ.'LVFUHWH&KRLFH0HWKRGVZLWK6LPXODWLRQ &DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH9DULDQ+57KH1RQSDUDPHWULF$SSURDFKWR'HPDQG$QDO\VLV(FRQRPHWULFD :HGHO0DQG:6GH6DUER$5HYLHZRI5HFHQWGHYHORSPHQWVLQ/DWHQW&ODVV5HJUHVVLRQ0RGHOVSSLQ53%DJR]]LHG$GYDQFHG0HWKRGVIRU0DUNHWLQJ5HVHDUFK %ODFNZHOO2[IRUG
